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Introduction: 

A hundred and fifty years ago wood supplied 90% of our nation’s energy. Since then, we 

have transitioned over the years to relying heavily on coal and oil as means to fuel the rapid 

industrialization of our nation (APS, n.d). For the past few millennia, the world has relied on 

fossil fuels for producing the bulk of our energy demands. When burned, they create a significant 

amount of energy per unit mass. While naturally occurring, these sources of energy are not 

infinite and take decades to form. The burning of fossil fuels disrupts the Earth’s carbon cycle 

through the excess release of carbon dioxide into the atmosphere resulting in the greenhouse 

effect. The use of these fossil fuels has contributed significantly to rising temperatures and 

changing weather patterns (NCA, 2014)). Seventy percent of Americans now accept that 

climate change is happening, outnumbering those who do not by a 5 to 1 ratio, according to a 

new survey by the Yale Program on Climate Change Communication (E360, n.d). With more 

and more people beginning to accept the reality of climate change and the negative implications 

of using fossil fuels, an alternative form of energy is needed. To quote Dean Kamen (2016), an 

American engineer, inventor, and businessman, “Every once and awhile, a new technology, an 

old problem, and a big idea turn into innovation.” In order to address the rapid depletion of fossil 

fuels, innovations in the energy field have resulted in the increasing popularity of renewable 

energy sources.   

Renewable energy sources regenerate at a quicker rate than they are used. Unlike 

previous sources of energy, benefits for switching to renewable energy include cost-effective, 

sustainable, and are ‘environmentally friendly’ (Boyle, 2004). There are various types of 

renewable energy such as solar, wind, hydro, geothermal, and biomass. Renewable energy is 

essential in order to help redirect our usage and preserve our limited resources. Currently, there 

is an increased interest in renewable energy as more and more utility companies begin to offer 
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incentive programs that entice their customers to install photovoltaic arrays upon their homes to 

harness the potential of solar power. As more people realize the potential of renewable energy, a 

new problem begins to emerge of how the effectivity and efficiency of renewable energy can 

create a rebound effect; an unintentional negative outcome that detracts from the positive 

work done.  In an attempt to better understand the effects of renewable energy on individual 

consumption, this research focuses in on Southern Arizona - primarily the Tucson area. Arizona 

has an arid environment, with an abundance of sunshine making it the ideal location to utilize 

solar power. Arizona can house wind farms in large open spaces to generate renewable energy as 

well. This study researched how renewable energy affects consumer’s psychological perception 

on their energy usage environmental consciousness in comparison to actual behavior and total 

historical usage (Kwh) before solar installation and after. 

 

Research Questions: 

1. Is there a rebound effect with renewable energy? 

   2. Do consumers tend to consume more energy when 
they own a solar array for their house? 

     3.  How does an individual’s perception of their energy 
usage compare to their actual usage? 

 4. What are the consequences or benefits of making 
renewable energy the main source of energy? 

 

Literature Review: 

Distributed energy resources (DER) are increasingly being pursued as a supplement and 

as an alternative to large conventional central power stations. The majority of power stations 
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have relied on coal in order to supply energy to the grid for people to use for years. However, 

with the growing renewable energy movement, utility companies are transitioning away from 

coal and now are gearing towards natural gas, solar, and/or wind energies (Carrasco, 2006). 

Although everyone is rushing towards using 100% renewable energy, there can be some negative 

side effects that come with making the switch too soon. One main issue is consistent 

reliability. While renewable energy has come a long way since its first introduction as an 

alternative means of energy, there are still some drawbacks, for instance how the weather is not 

always ideal and the issue of supplying energy at night. In order to balance out the supply and 

demand and to make up for conditions out of our control we must still utilize some fossil fuels; at 

least for the time being. However, in order to progress further towards truly being fully run on 

renewable energy, storage systems are needed. Currently storage system technology has not 

caught up with the rapid advances made in renewable energy distribution and once integrated 

will greatly reduce the issues of intermittence (Carrasco, 2006).  As more people and companies 

make the switch to renewable energy, utility companies must stay one step ahead of the 

technology curve in order to provide for their customers and community.  Infrastructure plays a 

key role in the spread of renewable energy, for without the proper systems (such as smart 

inverters and smart meters), the transfer of energy would not be able to take place. 

How do we integrate and develop a means to deliver renewable energy at the rate it is 

being improved upon? In the article; Future Energy Systems (Liserre, 2010), explores energy 

usage around the world and the synergies that 

occur between power electronics, control, and 

communication fields. The authors suggest that 

the landscape or history of industrialization is 

a full circle: from energy to services and 

communications, and now, back to energy. 

What this means is that technology can then be 

implemented back into energy innovations. 

Renewable energy systems (RESs) cannot 

directly replace the existing electrical energy 

grid due to the original grid being too well 

established and the issue of a new RES system 
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currently being insufficient to meet the energy demands (Liserre, 2010). Hence why a gradual 

infusion of the two grids must take place and if rushed into too quickly will cause a shortage in 

energy supply. The transformation of information plays a crucial role in the improvement and 

inclusion of smart grids within society. RESs are smaller in size and require thousands to be 

connected in order to collect sufficient energy. The use of either telecommunication networks, 

wireless networks, or the current grid as a communication medium are all ways in which the 

future of energy and communication can begin to emerge. Without proper control the grid can 

become unstable and even fail. Comparing the historical impact of renewable energies onto the 

previous energy grid to the modern fusions allow for this cycle of innovation to continue.  The 

article concludes that in order to keep up with the constant innovation surrounding renewable 

energy, multidisciplinary solutions along with increased education are pertinent (Liserre, 2010). 

Smart grids should be capable of systems updates with 

ease and flexible in their design in order to reduce cost of 

parts for updates and repair. The economic benefits of 

the new modernized smart grid will only begin to 

accrue after investments are put in (Amin,2015). 

Utility companies, consumers, and even the infrastructure 

must stay up to date on the latest information pertaining 

to renewables in order to place smarter investments into 

the technology resulting in a smoother transition. 

 One potential solution regarding the issue of increasing demand and how to supply it is 

through an increasing share of solar and wind generated energy. Traditional power generation 

resources are equipped with automatic governor control and automatic voltage regulation 

controls- more specifically fossil thermals that are now being displaced. The deployment of 

utility-scale, grid-friendly photovoltaic (PV) power plants that incorporate advanced capabilities 

to support grid stability and reliability is essential for the large-scale integration of PV generation 

into the electric power grid, among other technical requirements (Loutan, 2017).  Through the 

inclusion of grid friendly power plants more energy can be directly distributed to consumers. 

Micro-grids can come into play within communities to allow for local energy generation and 

distribution. Home owners can also take part in solar share programs where they can buy the 

solar energy for their house without having to have installed a rooftop array. 
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Arizona is an ideal place for the integration of solar as a main energy source due to the 

arid climate and higher than average days of sunshine, as Arizona has roughly 299 sunny days 

per year compared to the US average of 205 sunny days (USclimatedata, n.d). Arizona and 

the Sonoran Desert’s natural resources have been reduced due to urban sprawl, increased 

residency, increased water usage, etc. (Scott, 2010). Switching to renewable resources can have a 

beneficial result on Arizona’s economy and ecosystem. A case study conducted in 2015 on 

Arizona and the effects on integrating solar as a main energy source exemplified these potential 

benefits (Wu, 2015). However, due to the rapid technological advancements this case study 

already is fairly dated. An updated case study on Arizona’s integration is needed in order to truly 

comprehend the economic and environmental implementations.  

On the other hand, while switching to renewable energy has positive environmental 

impacts and helps to reduce the effects of climate change, does using renewable energy reduce 

consumer energy consumption? When a person installs solar arrays onto their house or partakes 

in a solar share program does a rebound effect take place? The rebound effect is the 

psychological understanding behind what influences the energy market. Gains in the efficiency 

of energy consumption will result in an effective reduction in the per unit price of energy 

services (Greening, 2000). For instance, consider 

someone goes to the gym for a few hours before 

returning home. Upon returning home they are 

faced with the decision of choosing between an 

apple or a brownie for a snack. The rebound effect 

occurs when the person picks the brownie over the 

apple through the reasoning that they earned it 

after having gone to the gym. The positive action 

of working out was reduced due to the 

consumption of the unhealthy snack. The rebound 

effect of energy operates the same way, assuming 

that as access to these alternative forms of energy become more efficient and accessible the 

positive outcomes are then reduced.  Some research into the presence of a renewable energy 

rebound effect has already been conducted, for a case study was conducted on a Swedish family 

regarding how their energy usage changed upon switching to solar power for their home. The 

Figure 1 Rebound Infographic 
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study showed that their consumption increased along with their emissivity due to the 

psychological phenomenon of the rebound effect (Brännlund, 2007).  While the climate of 

Sweden is different from Arizona, the psychological effect is most likely the same due to shared 

human nature. Using data from Tucson Electric Power, an evaluation of consumption trends was 

conducted in order to better understand the rebound effect of energy. 

Methods:  
 
Study Site: 
 This study takes place within Southern Arizona in correspondence with Unisource/ 

Tucson Electric Power’s service coverage area as seen in Map 1. Tucson Electric Power or TEP 

is the utility provider for the area and its service area was selected to analysis since as a student 

intern at Tucson Electric Power, a unique opportunity presented itself allowing for access to the 

company’s data, with permission given by the Renewable Energy Department’s Director Ted 

Burhans. As a company TEP is striving to achieve 30% renewable energy by 2030 and continues 

to promote and expand on its renewable energy programs and outreach (TEP Internship). This 

report aims to explore how the shift to renewable energy affects the energy grid through changes 

in consumer consumption.  

 

 
 

Map 1. TEP/UNSE Coverage Map from Tucson Electric Power’s website https://www.tep.com/doc/TEP-
resources.pdf 

https://www.tep.com/doc/TEP-resources.pdf
https://www.tep.com/doc/TEP-resources.pdf
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Research Design: 
 For this study a mixed methodology approach using an explanatory sequential design was 

used for the analysis portion (Creswell, 2015). This study makes use of both qualitative and 

quantitative data in the form of a customer survey and customer meter reads. This data followed 

a longitudinal design and compared behavior and consumption rates on residential homes 

before and after solar installation.  

Data & Measures:  
 In order to fulfil the qualitative 

portion of this study as well as gain 

understanding on how consumers 

perceive their usage data from a 

recent survey was evaluated. A 

survey had recently been 

conducted through qualtrics in 

October of 2018 which comprised 

of 200 questions and concluded 

with 20,000 total responses 

(Provided directly through 

internship). Sandra Holland is 

responsible for this survey and 

distributed it through links on Facebook, newsletters, and on the Tucson Electric website. She 

achieved such a high response rate due to a cash incentive offered where if a customer completed 

the survey they would be entered into a drawing for $1000. From the main survey responses, a 

selection process took place in order to pull out the questions most relevant to the overarching 

topic of the rebound effect. A quantitative analysis approach comes into effect using TEP’s 

database, a search for completed solar project was then done. Meter reads for random addresses 

compare consumer usage before solar installation and after, and a trend line was created to 

illustrate if the usage has increased or decreased.   

Methods: 
The first step in order to obtain the data needed involves holding a meeting with Sandra 

Holland - Customer Analytics, Jennifer Zeagler - Online Communications Manager, and Justin 

Figure 2 Conceptual Framework of Research Design 
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Orkney - Senior Program Manager in Renewables where the concept of gaining survey access 

was presented. From these questions 

VLOOKUP tables pulled the 

corresponding data into a new sheet 

matching each user-id to their 

response for the pertinent question. 

Next, the process repeated but this 

time only with questions regarding 

an individual's behavior; as shown. 

In order to figure out an average 

behavior score in terms of how 

environmentally conscious 

consumers are, numeric values were 

then assigned to each response option 

such as, Never =1, Rarely =2, Some 

of the time =3, Most of the time =4, 

and Always =5. The assignment of 

these values were chosen in order to 

emulate a Likert scale. After having 

completed the behavioral analysis, 

another lookup  table on a separate excel sheet was made in order to evaluate the responses to the 

question, “Do you consider yourself environmentally conscious?”. Using the formula ‘=countif’ 

the number of yes, mostly, somewhat, no, and blank responses were then recorded. The data 

from these two analyses then were compared in order to see whether on average people’s 

behavior matched their self-assessment on how environmental they are. 

 Next, moving away from the survey analysis the analysis of the residential meter reads 

take place. To keep consistency, all the addresses chosen are ones which started using solar in 

2017, which allows for 2016 to be a base case year without solar for all residential homes being 

reviewed. Aside from this consideration, all of the addresses have be chosen randomly and 

without consideration for array size. The photovoltaic array size does not matter in this instance 

due to the fact that the most significant aspect of the data collected is the usage trend over the 

Table 1 Behavior Survey Questions  
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past few years. The information recorded from each address included their distributed 

generation (DG), KwH, and KBH meter reads for 2016, 2017, 2018, and 2019. An overall 

trend line then was created and compared to meter read data to the data collected during the 

qualitative portion of this study. 

Results: 

 Based off of this described methodology a research project was conducted in order to 

gain an initial sense of the situation, and the preliminary results from the study are as follows. 

Within the survey portion consumers were presented with a variety of action questions regarding 

their behavior around their home 

in relation to energy usage, as 

described in the previous section 

and outlined in table 1. The 

consumers could answer on a 

scale of Always, Most of the 

time, Some of the time, Rarely, 

or Never. In order to figure out 

an average behavior score in 

terms of how environmentally 

conscious consumers are 

numeric values were then 

assigned to each response option 

such as, Never =1, Rarely =2, 

Some of the time =3, Most of 

the time =4, and Always =5. 

The assignment of these values 

was chosen in order to emulate a 

Likert scale. The highest score 

someone could get is a 65 which 

is equivalent to being 100% environmentally conscious through their actions.  The average 
Table 2 Behavior Response Distribution  
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score for the 

hundred responses 

analyzed was a 

39.05 which when 

divided by the 

highest possible 

score equates to an 

average 

environmental 

behavior score of 

60%. The 

distribution of the 

responses can be witnessed in table 2 and graph 1.   

A potential error that could occur during these calculations was an occurrence of frequent 

blank answers throughout 

the responses that did not 

pertain to any one specific 

question. It is unclear 

whether people choose not 

to answer these questions 

because they were too 

ashamed to say that they 

never do the action, or 

whether there was a logic 

error within the survey. 

The survey was designed to 

use logic so that based off of 

the previously selected 

answer certain follow up 

questions were chosen or un-chosen to appear. When addressing these blank responses, they 

were assigned the numeric value of zero since they did not match with any of the allowed 

Graph 3 Distribution of  Behavior Responses 

Graph 2 Distribution of Self-Assessment Responses 

Graph 1 Distribution of Responses 
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responses. It is possible that the average 

score could be higher had people simply 

not received these questions. Yet 

without having any way of knowing 

whether they were purposely left blank 

or if it was a technical error, it was 

assumed that the blanks were 

deliberately left empty since they do not 

correspond to any one question. A 

common expression often passed on 

from parents to their children is, “do as I 

say, not as I do”.  Whether intentional or 

unintentional, everyone is guilty of 

saying to believe in or act one way 

while actually practicing the exact opposite. When consumers were asked if they considered 

themselves environmentally conscious majority responded that yes they did consider themselves 

to be environmentally conscious; as shown in graph 2. From the hundred responses obtained 

57% claim to be environmentally conscious. When comparing the average behavior data to the 

average perception people have of themselves a slight contradiction begins to emerge. If the 

average behavior score were to be graded on a traditional American education letter grade scale 

they would have received a D, but as a whole over half responded claiming to be 

environmentally conscious. Based off of this data alone it could be concluded that people are 

unaware of how their increased daily usage can impact the environment. In order to truly 

know whether the use of renewable energy influences greater consumption levels within 

consumers an evaluation of actual consumption patterns is needed.  

 Through use of TEP’s database, residential addresses which had solar reads beginning in 

January of 2017 were located. The information recorded from each address included their 

distributed generation (DG), KwH, and KBH meter reads for 2016, 2017, 2018, and 2019. In 

order to view whether switching to solar influenced their total consumption all residential 

addresses included consumption history from 2016- prior to their solar installation. Due to time 

constraints for this study only ten residential homes were analyzed. The trend between every 

Figure 3 Infographic of Self-Assessment  
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address was an increase in total historic consumption (KwH) since the installation of 

photovoltaic arrays. The data collected for few of the residences evaluated can be witnessed in 

the below graphs of residential homes #3, #4, #5 which illustrate the uniform trend of increasing 

consumption over the years. Tucson Electric Power along with actual meter reads of residential 

homes it is apparent that majority of consumers consider themselves to be more environmentally 

conscious then they actually behave.  It can be concluded that there is a rebound effect with 

renewable energy as seen through increased consumption since the installation of photovoltaic 

arrays 

Significance: 

The research that was conducted through this study is significant because it provides 

insight on how effective switching to renewable energy is, in terms of energy savings and 

economic impact. This information will be valuable to both companies as well as the consumers 

themselves. Based off of the preliminary results collected during this project, there appears to be 

a strong trend of increasing consumption after the installation of solar power. Utility companies 

can make use of this information and apply it to how they format the billing information that is 

sent out to their customers. Often times TEP customers will email or call with questions 

concerning why their electricity bills are still so high even though they have solar arrays 

installed. When questions such as these come in the data from the meters are pulled and are used 

to show the production vs. consumption to the customer in order to provide a justification for the 

amount of the electricity bill. Using the data from this study to illustrate that there is a rebound 

effect with renewable energy, utility companies (such as TEP) can look at including a section in 

the electricity bill which shows monthly DG production versus the amount of energy consumed 

per household, using graphs such as Graph 3 & 4. Not only will this benefit the 
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company by reducing the amount of complaints regarding electricity bills, but it will also benefit 

the customers.  

For the consumers, the significance of this study revolves around shattering the illusion 

that by owning a solar array they are using less energy while saving money. Once consumers are 

made aware that it takes more than simply owning a solar array to reap the benefits, most people 

will become more cautious with their energy usage. Currently the trend shows that people are 

careless with their energy usage and tell themselves that it is okay to leave lights on more 

frequently or to run the AC cooler due to the fact that they have solar. Yet, this study along with 

potential changes to the information presented on their bill will help reduce consumer energy 

consumption and will improve the cost effectivity.  

 

Graph 4 Residential Home #3 Total Historical usage (kWh)   
The Total Historical Usage graphs compares the total historic usage (Kwh) for a single residential home. The blue line shows 2016’s usage 

prior to solar installation. The following years 2017 (yellow) and 2018 (red) show the usage since solar installation. 
 

Graph 4 Residential Home #3 DG Usage (kWh)  
The DG Production graphs show total kWh production over the years. Notice that there is no blue line for 2016 since no solar has been added 

yet. The following years 2017 (yellow) and 2018 (red) show the production since solar installation. 
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Future Steps:  
 
 Having already completed preliminary research based off of the methodology described 

the next steps included going further in the data analysis. This research only looked at one 

hundred responses from the survey and going forward additional research could aim to analyze 

more extensive responses, along with examining meter reads from a greater number of 

residential homes. A recommended expansion for someone seeking to expand on this topic could 

also include comparing the usage trends from 2016 -2019 of residential homes without solar 

arrays to those who do. Additional data could refute the current assumption of increased usage 

due to solar through examining a broadened scope of variables. Along with an analysis 

expansion, future studies can feature an expanded literature review into the economic effects of 

renewable energy within Southern Arizona and what roles consumers play in the overall 

economics of renewable energy. The ultimate goal will be to generate an indisputable argument 

to prove the occurrence of a rebound effect with renewable energy.  
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